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INTRODUCTION 
As can readily be surmised.-from the following liter-
3ture review, there is no general agreement concerning the 
snecific role of the extracellular enzyme coagulase in the 
disease process caused by Staphylococcus aureus. Using dif-
ferent hosts and strains of .s_. aurew;i under varying condi t-
ions, individual workers in this area of study have arrived 
at variable and sometimes divergent conclusions regarding the 
nart coagulase plays in staphylococcal inf'ecti"n• 
Kapral and coworkers (1?,18,20) have induced a mutant, .s.. 
aureus strain 18Z-D, fr~m the parent .s_. aureus strain 18Z 
by ultraviolet irradiation. They have found that this mu-
tant, although it produces coagulase as its parent does, it is 
unable to multiply in the organs of the reticuloendothelial 
system of mice and rebbits while its parent possesses this abil-· 
1.ty. This work, as it stands, poses a question regarding the 
~~le of coagulase in t~e pathogenicity of Staphylococcus aureus 
in these experimental infections. 
The purpose of this thesis is to study the cause of the 
'fl 1' tant,'s inability to multi ply in the organs of the reticulo-
"'r1rlothelial system of mice and to ascertain whether, in the 
;;P:ht of this information, Kapral's system provides a valid 
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test of the role of coagulase in staphylococcal infection. 
In order to define the cause of the strain 18Z-D's in-
ability to multiply in the various .in YiY.Q systems studied, 
an extension shall be made of Kapral's study to include a 
comparison of the two strains by various physiological and 
metabolic criteria. These shall include an examination of 
in~ and .in yitro characterist~cs, manometric st~dies of 
the oxidative metabolism of various substrates, radiores-
.. 
pirometric estimation of'. the pathways involved in glucose 
·cataboiism, and determination of the ATP content for each 
strain. 
. . 
REVIEW OF LirERATURE 
Coagulase is an extracellular proenzyme produced by the 
great majority of Staphylococcus· aureus stra~ns ( 1)). Coag-
ulase is converted to an active enzyme capable of clotting 
fibrinogen when activated-by the prothrombin of cer.tain 
species of animals (14). 
. . 
The relation of coagulase production to the virulence 
. . 
of Staphylococcus aur·eus has· been scrutinized for ·many years. 
Al though the fact that ~. aµreus commonl:,~ pcr:scssed the· ability 
to clot plasma has.been long no.ted (9,19,21,24·), it was Dar-
anyi (5,6,7) who first conducted systematic. studies in an 
attempt to link coagulase production with virulence of ~. 
aureus. He demonstrated a correlation between coagulase·pro-
ductlon and ·virulence in g. · aµreue, and established this 
. criterion for staphylococcal virule.nce. 
. . . . 
· ~ecaus~ of the high correlation betweeri.coagulase pro-, 
duction and virulence in s. aureus, investigators hay~ made 
efforts to establish the essentiality o~ coagulase to vir-
ulence and further, to define its specific role, apart from 
other possible virulence factors, in S. aureus i_n,fection. 
That clQtting of flbrinogen caused by· coagulase .action 
. 
was riot merely a test-tube phenomenon but could also occur 
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in~ was demonstrated by Smith and Johnstone (25). They 
injected pruified coagulase, free of demonstrable alpha toxin, 
intravenously into rabbits. The rabbits died, and on post 
mortem examination it was found that extensive fibrin de-
posits had formed in the capillaries and small arteries of 
the lungs, liver, kidneys and adrenals. This work estab-
lished the pharmacological activit¥ of the single substance, 
coagulase. That staphylocoagulase was p~oduced in the 
course of in ~ staphylococcal growth was demonstrated by 
the work of Gladstone and Glencross (11). They implanted 
cellophane sacs containing viable ~. aureus in the per~ 
. ' 
itoneal cavities of laboratory animals and found an accum-
ulat:ion·of coagulase in the sacs,. 
The above work would seem to indicate the ·possibility. 
that coagulase might participate in the pathogenic effect of 
~. ayreus. 
Uslng the rati.onal~ that if free coagulai:ie is directly 
concerned ·in pathogenicity, it might be expected to react 
. . . 
more readily with the prothrombin of the host species than 
does the· free coagulase.produced by st:r;-ains from other hosts, 
Haugh:ton. Ci5) . demonstratea _tha·~ with fi~"t;-eigh:t staph~l~c.occal 
. . 
s:rains_from.lesions in four ~ammalian species that the ~aj-
. ority of strains. produced a form of coagulase very much more 
reactive with the host than with other plasmas. 
Dealing more specifiaally with the role of coagulase 
in staphylococcal ·infections; Smith et al.· ('27) suggeste9- · 
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that coagulase played a role in infection by blocking the 
phagocytosis of §.. ayreus by production of a fibrin barrier. 
Yotis and Ekstedt (29) showed that a substance in 
normal human serum which inhibits the growth and respir-
ation of coagulase negative strains of staphylococci could 
be neutralized when· the antistaphylococcal serum was treated 
with partially purified coagulase. After neutralization 
with coagulase, the coagulase negative strains grew and 
respired in the serum as well as the coagulase positive strains. 
Using partially pruified coagulase as antigen, Boake (4) 
demonstrated that immunized animals were protected from staphy-
loccal pathogenesis to a significant extent. Using a highly 
purified preparation of coagula.se, Harrison (12) also 
demonstrated that rabbits were significantly protected by 
immunization with this antigen. In addition, she was 
able to show that this protection was significant four days 
after infection, but not after twenty-one days, indicating 
that coagulase acted early in the staphylococcal disease 
process. 
Many workers have contributed evidence suggesting that 
coagulase .mu: ~ is not an active participant in staphy-
loccal disease (1,26). Davis~ a.J... (8) stated that there was 
no evidence that coagulase was directly involved in patho-
genici ty, but rather, its correlation :With virulence was 
coincidental. 
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In a study to determine the essentiallity of bound 
and soluble coagulase for the virulence in mice and rabbits, 
Kapral and workers (17,18,20) used ultraviolet light induced 
mutants of a virulent parent strain of Staphylococcus a1lreus. 
The three mutants 18Z-B, 18Z-C and 18Z-D were derived from 
the parent strain 18Z. The above mutants demonstrated bound 
coagulase, :soluble coagulase, and both bound and soluble 
coagulase respectively. They found that the mutants lacking 
either the so-called bound or the· soluble ocagulase were just 
as able to :survive and multiply in the organs of the reticulo-
endothelial system of mice and rabbits as the parent which 
possessed both forms of coagula~e. They also found that 
strain 18Z-D, even though it possessed both forms of coagulase, 
·was not able to multiply in the organs of the reticulo-
endothelial system of mice and rabbi:ts, but rather ex-
hibited growth characteristics in this system similiar to 
an avirulent ~. ~pidermidis. This work indicated to Kapral 
that there might be some question concerning the role of 
coagulase in the actual pathogenicity of~. aureus. 
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MATERIALS AND METHODS 
,Cultures-Staphylococcus aureus strains 18Z-D and 18Z were 
kindly supplied by Dr. Kapral. Staphylococcus ~pideonidis 
strain Kulba was a gift of Dr. Jeljaszewicz. Stock cultures 
were maintained on tryptic soy agar (Difeo) slants at 4 C 
and transferred to new slants every four weeks. They were 
tested periodically for glucose and mannitol utilization 
under anaerobic conditions according th the method of Hugh 
and Leifson (16) with phenol red (0.001%) as an indicator. 
They were tested for gelatin liquification, pigmentation, 
for both free and bound coagulase, haemolysis, phage sus-
ceptability, and antibiotic susceptibility by use of 
a~cepted microbiological methods (28). 
Aerobic Growth Studies- Cells for growth studies were grown 
at 37 C-for 24 hr in 5.0 ml of tryptic soy•broth from an 
inocula of one loopful and harvested by centrifugation. A 
smooth suspension was prepared by mixing the cells in sterile 
B.5% saline containig approximately 20 size 3 glass beads 
with a Vortex Junior Mixer for 3 min. The cells were ad-
justed to a density of 10 Klett units using a Klett-
Summerson photoelectric colorimeter equipped with a #42. · 
filter. The suspension contained approximately 2.0 x 10? 
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colony forming units as determined by correlative plate 
-· counts. One ml of the above suspension was inoculated into 
250 ml nephelometric flasks contining 50 ml of growth media. 
The above were incubated on a rotary shaker at 37 c. Tur-
bidity determinations were performed by use of a Klett-
Summerson photoelectric colorimeter equipped with a #42 
blue filter. Correlative viable count determinations were 
also made. These were performed by use of tryptic soy agar 
pour plates. 
Anaerobic Growth Studies- For growth determination in tryptic 
soy broth, flasks were ino~ulated with bacteria prepared as 
in the aerobic growth studies above. A precision Thelco 
anaerobic incubator at 37 C with co2 as the gas phase was 
used for static incubation of the cultures. After 24 hr 
turbidity determinations were made as in the aerobic growth 
studies. 
Growth Studies filh Sodium Chloride-flasks containing 50 ml of 
tryptic soy brpth made 7.5%, 8.5% and 10.o% with respect to 
NaCl, were inoculated with 1 ml of a bacterial suspension ad-
justed to 15 Klett units. These were then incubated 
statically both anaerobically and aerobically for 1 or 2 
days. After mixing well, 5 ml of the cell suspension was 
removed and washed twice with saline. The cells were re-
suspended in 5 ml of saline and cell turbidity determin-
ations made as described previously. 
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a_rowth A:t varying Initial m values- Flasks containing 50 ml 
of tryptic soy broth were adjusted with HCl and NaOH to the 
following pH values1 9,8,7,6,5,4.5. These were inoculated 
as described in the sodium chloride growth studies. After 
aerobic incubation for 24 hr, 5.0 ml of the cell suspension 
was washed twice and resuspended in 5 ml of saline. Turbid• 
ity determinations were made from this suspension. 
Growth In Human And Rabbit Serum- A o.lml inoculum of a cell 
suspension was added to 5 ml of fresh serum in a culture 
tube. The inoculum, adjusted to 20 Klett units, was pre-
pared as described in the methods for aerobic growth studies. 
These c11l ture;:;; wen~ incubated static~ally either aerobically 
in a regular incubator or anaerobically in a co2 incubat6r 
for 24 hr. After incubation, the cells were harvested by · 
ce~trifugation1 washed twice and resuspended in 5 ml of B.5" 
saline. Turbidity measurements were performed on these sus~ 
pensions using as blank a tube of sterile uninoculated serum 
that had been treated in an otherwise identical manner as 
the inoculated tubes of serum. This procedure compensated 
for turbidity due to serum protein precipitation. Serial 10-
fold dilutions in sterile saline and corresponding viable 
counts on tryptic soy agar plates were made to confirm 
the relationship between nephelometer readings and viable 
count. 
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a,rgwth In ~ ReticuloendotheliaJ. System Q.! ~- Young adult . 
swiss albino mice, weighing between 18 and 21g were obtained 
from Abrams, Cpicago, Illinois. Bacterial cells were pre-
pared by growth on brain heart infusion agar (Difeo) plates 
for 24 hr. The cells were washed from the agar surface with 
sterile saline and collected by centrifugation. After twice 
washing in sterile saline, the cell suspension was mixed in 
a test tube containing approximately 20 glass beads ~ith a 
Vortex Junior Mixer for 3 min until a smooth suspension had 
been formed. The suspension was standardized to between 
50 and 350 Klett units in the Klett-Summerson colorimeter. 
These Klett units corresponded to.approximately 8 x 106 and 
.5 .,,. to8 col~ny forming un~.ts per ml,. The mice were injected 
intravenously via one of the .. caudal veins using a 27 gauge 
·needle with 0.25 ml of the cell suspension. After periods 
of 24, 48, and 72 hr, 2 to 4 mice were sacrificed at each 
time interval for each bacterial strain employed. The livers 
kiqneys and spleens were asceptically removed and washed in 
• 
sterile saline. The livers, kidneys and spleens were then 
grouped according to trial. The livers, kidneys or spleens 
for each trial were th~n homogenized with 5 ml of sterile 
8.5% saline in a sterile 10 ml teflon pestle tissue grinder 
(A. Thomas and Co., Philidelphia, Pa.). Serial 10 fold 
dilutions in sterile saline were made and the number of 
colony forming units per ml of suspension were determined by 
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plating on tryptic soy agar plates. All plates were 
aerobically for 48 hr at 37 C and then counted. 
i.esion .Aru1 Erythema Production-Male six-month old New 
Zealand rabbits weighing between 2.7 and 3.3 kg were ob-
tained from Abrams, Chicago, Illinois. Each experiment in-
volved 2 rabbits of matched weight. The animals were 
shaved on the left and right sides and each side was divid-
ed into 2 or 3 equal areas. In comparing two strains, each 
rabbit was injected intradermally with both strains on 
either side. Using this thchnique, the individual resist-
., 
ance factors of different rabbi.ts were overcome since both 
strains werP. subjf.!~ted to the same f~~torsc The arihria.ls 
were injected with 0.25 to 1. 11 0 ml of a cell· suspensi_on of 
one strain standarized to 250 Klett units on one side and 
with 0.25 ml to 1.0 ml of a suspension of the other strain 
on the opposite side. The size of the lesion and erythema 
re~ulting from the injection of staphylocci was determined 
.. 
after 2 and 5 days by tracing its outline on clear t~in 
pliable plas.tic sheets and measuring its area with a 
planimeter. · 
Antigen Preparation, Immunization Of Animals, Ans! Cross Agglut-
ination Test- Male, six month old New Zealand rabbits 
weighing between 2.7 and 3.3 kg were given a total of 9 
9 intravenous injections of heat-killed Staphylococcus aureus 
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suspended in saline. Prior to immunization the rabbits 
were bled from the marginal ear vein to secure a control 
sample of serum. Strains of ~. aurey,s used as antigens 
were prepared by incubation for 18 hr in tryptic soy broth. 
The staphylococci were washed twice in saline, tmd standard-
ized in saline to. 450 Klett units. The cells were killed 
by heating at 60 C for two hr. The animals were given 
1 ml of the prepared antigen intravenously during the first. 
three days of each week for three successive weeks. The 
serum was separated from blood taken from the marginal ear 
vein by centrifugation. For the cross agglutination test, 
the se.rum was diluted in a series of test tubes using a 
two fold dilution series with 8.5% saline used as the dil-
utent. To 0.5 ml serum-saline mixture 0.5 ml of the anti-
gen suspension was added. The tubes were incubated at 37 C 
for two hr and the titer of the sera were read as the 
reciprocal of the final serum dilution showing clumping. 
Enzyme Assays- Plates for determining phophatase activi~y 
were prepared according to Bently il ,al.(25). ¢).1 g of 
phenolphthalein dipnosphate, pentasodium salt (Nut~xtional 
Biochemicals Corw, ·c1eveland, Ohio) was added to the follow-
ing buffer mixtures 0.2 N NaOH, 2 ml: potassium dihydro-
gen phosphate, 0.5 M, 1.6 ml; and distilled water to 10 ml. 
The solution was sterilized by membrane filtration (.45u, 
Millip.gre) and added (1%v/v). to tryptic soy agar (Difeo) 
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which had been autoclaved and cooled to 45 c. Liber-
ation of free phenolphthalein was detected by exposing the 
plates to ammonia vapors. Colonies producing phophatase 
turned bright pink immediately. 
De.oxyri bonuclease production was determined with DNAse 
test medium (BBL) which had been autoclaved, inoculated 
and incubated for 48 hr at 37 c. Plates were flooded with 
1 N HCl and allowed to react 15 min •. Any degree of clear-
ing was read as positive. 
Lipase production was ascertained by adding (3% w/v) 
· sterile lipase reagent (Difeo) to spiri·t blue agar (Difeo) 
. 
which had been autoclaved. Lipolytic s_trair~s gave a dark 
blue· zone beneath ~:!'1d a.round the colonie_s afte.r 48 hr of 
inc.ubation.at 37 c. This indicated that.the colpnies which 
were positive produced an enzyme.which caused the hydrolysis 
o~ the lipid reagent releasing free fatty acid which reacted 
with the spirit blue agar. 
The production of e~terase was determined on plates 
containing 3% v/v of Tween 80 added to autoclav~d E?pir~t 
blue aga~: Strains produc.~ng an e~_terase capabl-e of hyar.o -
lizing.Tween 80 gave a dark blue zohe·beneath and·around the 
colonies after 48 hr of incubation.at 37.c. ·. 
Egg Yolk Factor was. detected by adding 5 % v/v sterile 
r ~gg yolk factor emulsion (Oxoid) to .tryptic sqy. aga.r·wbf'ch 
~ 
had first been autoclaved and cooled to 45 c. After incuba-
tion for 48 hr at 37 C positive ·reactions showed a' glistening 
: .. ·. ·..._: .. ·.·. 
' ~. 
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or opaque zone or both around the colonies. 
Gelatinase activity was determined by adding o.5% w/v 
gelatin (Difeo) to tryptic soy agar and autoclaving. After 
inoculation and incubation for 48 hr at 37 C, the plates 
were flooded with acidified HgCl2 (10) and allowed to react 
for 15 min. Positive reactions showed clearing or 
opaqueness, or both around the colonies. 
The production of staphylokinase.or fibrinolysin·was 
determined by adding (2o% v/v) sterile human plasma to tryptic 
soy agar (Difeo) which had been autoclaved and cooled to 
45 c. The mixture was then heated in a waterbath at 60 C 
for 30 min. The medium was then poured into plates. After 
48 hr of incubation after inoculation, any rlegreA of clearing 
around the colonies was recorded as a positive reaction. 
Catalase production was determined by flooding a tryptic 
f· soy agar culture plate with lo% hydrogen peroxide. The evo-
'. 
~-
l 
lution of gas· bubbles from colonies denoted the presence of 
catalase (28). 
Manometric Studies- Cells for the Warburg experiments were 
grown in tryptic soy broth (Difeo) at 37 c. Resting cell sus-
pensions were harvested by centrifugation and washed twice 
with o.1 M potassium phosphate buffer, pH 7~ A smooth 
suspension was obtained by mixing in buffer with glas.s beads 
for three minutes with a Vortex Junior Mixer. The suspension 
was then standardized with a colorimeter. In a typical ex-
periment, each Warburg flask contined 0.5 ml of 0.1 M 
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potassium phosphate buffer, pH 7;~o.5.ml of serum; 1.0 
ml of cell suspension. Two-tenths ml of 40% KOH was placed 
into the center well with a filter paper wich to expose 
a maximum amount of KOH to the gas phase in the flask. 
Rates of oxygen uptake in air were determined by convention-
al manometric techniques at 37 c. The Q0 values were 
. 2 
corrected for endogenous respiration, _and were calculated 
from data obtained during the first 60 minutes of incubation. 
Estimation .Q.! Pathways Q! Glucose Catabolism- The cells were 
obtained from tryptic soy broth cultures iDifco). The tryp-
tic spy broth produced by Difeo contains o.25% glucose. The 
ce.u.s were oo.tained from ·resting cell susnensmons 12 to 15 
hr old. By turbidity measurements with a colorimeter, 
it was determined that the culture was in the stationary 
phase of growth. 
The utilization of labeled glucose was determined 
according to the technfques of Blumenthal C;). The app-
aratus used to incubate the cells and glucose was a 50 
ml Erenmeyer flask fitted with a center well containing a 
removable tube. The flask was sealed with a sleeved 
rubber serum stopper. The tube in the·center well contained 
1 ml of ethanolamine ethyleneglycolmonomethylether and 
a paper wick to absorb co2 • The flask for each experiment 
contained in a volume of 4 ml1 2 umoles of glucose 14c 
, . 
. ,,,, 
' ~-
• 
' 
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(approximately 60,000 CPM), J.5 mg ofcells (dry weight) in 
0.1 M potassium phosphate buffer, pH 7. The flasks contain-
ing cells, buffer and glucose 14c labeled on 1-14c or 6-14c 
were incubated in a Dubnoff metabolic shaker at 37 C at a 
rate of 100 cycles per min for 120 min. Before and after 
the 120 min incubation period, 0.5 ml samples were taken 
from each incubation flask for glucose determination. 
After the 120 min incubation period the center tube con-
taining the filterpaper and C02 adsorbent was placed in 
a 20 ml scintilation vial ~ontaining 10 ml of a mixture of 
toluene, ethyleneglycolmethy.lether, 2, 5•diphenyloxazole 
as scintillation fluor and 1 ml of ethanolamine-ethylene-
glycolmonomethylether. The scintillation vial was shaj{en 
well to disperse the co2 adsorbent in the scintillation 
fluor, cooled to O C and counted in a Packard Liquid Scin-
tillation Spectrometer Model 320 which has an efficiency 
of about 80 %. 
-The pathways of glucose catabolism were estimated by 
the method of Wang §.:t ~.(JO) for resting cell suspensions. 
The percentage .of 14co2 yield~d by ·glucose.6-14c is a. 
tough ·estimation· o·f the ext~nt of the operation of the ·.TCA 
cycle. The HMP pathway was.calculated by the following 
formulas . 
G1 = 14co2 
G6 = 14co 
. 2 
G1 -G6 
HMP = Gt x 100% 
coming from·glucose 1-14c (cpm) 
coming from glucose 6-14-c ( cpm)-
Gt = total amount of labeled glucose utilized by the cells 
I".· 
\i'. ~-' 
!~ 
.• 
~-- . 
L 
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during incubation (cpm). 
Glucose determination was done by the·anthrone method 
using reagent grade concentrated H2so4 and anthrone 
(Nutritional Biochemical Corporation, Cleveland, Ohio) 
Determination Q! Cellular A.Il:.- For determination of cellular 
ATP, cells were grown in tryptic soy broth £or 12 hr, 
washed twice in saline and resuspended at a concentration of 
100 Klett units in 0.01 M morpholinopropane sulfanic acid 
buffer (MOPS buffer) pH 7 .4. 
The instrument used to measure the quantity of ATP was 
the DuPont 760 Luminescent Biometer which is a sensitive 
photometer specifically designed for the measurement of 
Jund nPi:o:l"!ent reactions or materials. The inatrument used was 
possessed by the Research and Development Laboratory of the 
Metropolitan Sanitary District of Greater Chicago. Using the 
adenosine tirphosphate (ATP) firefly reaction described 
below, the instrument can assay directly for ATP or a sub-
stance which can be _coupled to a reaction involving ATP. 
The Biometer can detect as little as 10-lJ grams of ATP per 
0.01 ml injection. 
The reaction responsible for the production of light 
is1 
E (luciferase) + LH2--------~) E.LH2.AMP (luciferin) ATP (lucyferyl adenylate 
complex) 
+ pp 
(pyrophosphate) 
. ... ~·. ~~-'--__,.,,;_ ____________________ _ 
-18-
To extract the ATP from the cells 1 ml of the bacterial 
suspension was filtered through a O .45 u Millipore ±'LL teL· 
and the bacteria retained on the filter were washed with 
1 ml MOPS buffer. The filtrate was discarded. 0.2 nl 
of n-butanol was added to the filter and allowed to stand 
approximately 20 seconds to lyse the cells. Vacuum was 
then applied and the filtrate was collected in a calibrated 
centrifuge tube. The exact procedure was then repeated 
with o.1 ml n-butanol. The vacuumwas broken and 1 ml 
MOPS buffer is placed on the filter. Vacuumwas again applied 
and the buffer pulled into the filtrate. 
To assay for the ATP, a cuvette containing 0.2 ml luci-
ferin-luciferase-Mg++ reagents, (Dupont) at a sufficient 
concentration to utilize all the ATP in the sample is placed 
in the Biometer facing the photomultiplier tube. Upon add~ 
of ATP in the sample, a flash of light occured which·was 
detected within the photomultiplier tube. The electron-
• 
ics of the Biometer determined the maximum intensity over 
a 3 second interval and the calibrated instrument converted 
the light detected by-the photomultiplier tube to a digital 
readout which was proportional to the maximum intensity of 
the light flash. The instrument can be calibrated to 
readout directly the concentration of ATP in the sample. 
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RESULTS 
In Yitro Growth 
Aerobic an& Anaerobic Growth Studies- Table I represents 
the growth of s. ~ureys 18Z and 18Z-D in tryptic soy broth 
incuba:ted on a shaker. The figures in the table represent 
the average values of four experiments for Klett readings. 
The colony forming units were determined from an initial 
table which was constructed based upon experiments relating 
the Klett readlngs to colony formine; ur.its of the culures of 
both strains. 
The lag phase before logarithmic growth was for 
strain 18Z approximately 4 hr while the lag pgase for strain 
18Z-D was approximately 8 hr. The generation time during 
logarithmic growth for strain 18Z was 34.6 min and that 
of 18Z-D was 41.5 min. At the end of the 24 hr period the 
colony forming units per ml of the 18Z culture was more 
than twice that of 18Z-D, or 5.2 x 109 as compared-to 
9 1.8 x 10 • 
Table 2 lists the results of the statically incubated 
aerobic and anaerobic growth experiments of each strain in 
human and rabbit serum. Each figure represents the average 
of 5 separate experiments. In each instance 18Z grew to a 
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greater density than 18Z-D. 
Strain 18Z generally grew aerobically to a greater 
density than strain 18Z-D at the same sodium chloride 
concentration (Table 3). Anaerobically, however, strain 
18Z-D grew to a greater density than strain 18Z except at 
a NaCl concentration of 10% at which concentration 18Z-D 
did not show any growth after 48 hr. 
To determine the ability of each·strain to grow at 
varying pH levels, the tryptic soy broth media was made acid 
or basic with HCl and NaOH. The pH values listed in Table 4 
were the initial values of the media before inoculation. 
At pH values of 7 and 8, 18Z was able to grow to a greater 
density Lhan 18Z-D. In the more acidic range of pH 6, strain 
18Z-D exhibited a much greater tolerance and was able to 
grow more luxuriantly. 
In Vivo Growth Determination 
Growth .In ~ Organs Of ~ Reticuloendothelial System .Q.! 
~- To determine the relative abilities of S,. enidermidis 
Kulba strain', S,. aureus strain 18Z, and strain 18Z-D to 
remain viable and grow in the organs of the reticule-
/ 
endothelial system of mic.e, cells grown on brain. heart 
infusion agar were injected at a standardized density into 
the caudal veins of mice. At various·intervals after in-. 
oculation, the numqer o~ colony forming units pe~ ml of ex-
cised organ homogenate was determined separately. B'ecause 
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of the possible individual variation in the sensitivity 
of the mice to infection, the values of at least two 
mice were averaged per item of data. Most often, 4 or 6 mice 
were used to determine an item of data. Tables 5 through 10 
list the results of experiments involving the growth of the 
bacteria in the organs of the reticuloendothelial system of 
mice. 
As is shown in Table 5 ~d Table 6, s. aureus strain 
18Z-D could survive no better in the organs of the RES of 
mice than s. epidermidis Kulba strain. Using the same 
size of inoculum, however, strain 18Z maintained its via-
bility and multiplied in the kidneys. For example,- the 
number of colony forming units doubled in the kidneys during 
the time interval 24 hr to 72 hr. 
At an inoculum of 200 Klett units, a similiar pattern 
of survival was demonstrated (Tables 7 and 8). After 14 hr 
there was approximately the same number of colony forming 
units per ml_of organ homogenate for each strain. After 
24 hr, there was a slight increase in the number of re-
coverable organisms in the kidneys of mice inoculated with 
strain 19Z and a drop in the kidneys of mice inoculated 
with 18Z-D. After 48 hr the colony forming units re-
coverable from the ~idneys had increased almost ·by 2.5 
logs in the mice inoculated with strain 18Z, while the colony 
forming units produced by 18Z-D had dropped 10-fold. After 
-22-
72 hr, the level of strain 18Z in the kidneys had dropped 
slightly, but strain 18Z-D staphylococci had almost been 
completely eliminated from that organ. For the 72 hr 
determination of colony forming units in the kidney, 3 
pairs of ogans were averaged, and two of the three pairs 
were found to contain no detectable viable organisms. 
In an effort to determine whether a smaller inoculum 
of ~. aureus strain 18Z might not overwhelm the defenses 
in the kidney to the same extent as the higher concen-
trations did, 100 Klett units and 50 Klett units were 
used as inocula. The results are shown in Tables 9 and 10. 
Even at the lower concentrations, in the kidney the 
number of recoverable 18Z organisms increased dramatically 
during the time interval 24 to 48 hr. At the lower con-
centration, the survival of 18Z-D was essentially unch~ged 
at an inoculum of 100 Klett units and was somewhat lessened 
at an inoculum of 50 Klett units. 
~ 
As was noticed at higher doses, the differences in 
the survival in the liver and spleen were not as great as 
the differences demonstrated in the kidney. There was, 
however, a small but consistent difference in the survival 
of these strains in these organs which was more noticeable 
at the lower dosages. 
Production Q! Lesions Qn Rabbits- Tables 11 and 12 con-
tain the results of experiments in which rabbits were in-
oculated intradermally with varying amounts of organisms 
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and the resulting lesions measured. In each case, each 
rabbit was inoculated with equal amounts of both 18Z and 
18Z-D to negate the ef,fects of individual rabbit sen-
sitivity. 
The organisms inoculated were grown in three different 
medias rabbit serum,tryptic soy broth and brain heart 
infusion agar to determine if different media might pro-
duce organisms of different physiological or metabolic 
states that would influence their ability to produce le-
sions on the rabbits. 
Strain 18Z consistently produced lar~er lesions con-
taining more pus and necrosis than 18Z-D did. The average 
total area of erythema produced by l8Z was·a.pproximately 
ten times that produced by 1·az-D. There was no readily de-
fined difference in the comparative abilities of 18Z and 
18Z-D to produce lesions as a result of growing on any par-
ticular one of the three media used to grow the inoculum. 
Extracellular Enzymes-In coagulase negative. staphylococci, 
classification can, to a certain extent, be accomplished 
by determining the production of certain extracellular 
enzymes. Table 13 lists· the extracellular enzymes assayed. 
Both strains gave positive reactions to all.nine tests. 
Strain 18Z-D, however, produced a larger zone of reaction on 
the agar surface than did 18Z for the egg yolk factor and 
gelatinase assay. 
r . . If'"'' 
~' 
t~ 
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Antibiotic Sensitivity- Differences in antibiotic sensitivity 
are often useful in classifying ~.aureus. Antibiotic 
sensitivities were determined for 18Z and 18Z-D with discs 
(BBL) impregnated with measured amounts of antibiotic. 
Table 14 lists the antibiotics and the concentrations 
used. Both strains were susceptable to all 12 anti-
biotics at the specific concentrations listed. 
Cross Agglutination Tests•The ability·of antiserum pro-
duced .against one strain to agglutinate the other was de-
termined. Antiserum produced against 18Z agglutinated 18Z 
at a serum dilution of 320 and afflutinated 18Z-D at a dil-
ution of 160. Antiserum propared-against 18Z-D agglut-
inated 18Z-D at a serum dilution of 160 and 18Z at a dil-
ution of 160. 
Oxygen Uptate Studies- The results of the manometric studies 
are given in Table 16. The inocula for the various experi-
ments were grown in tryptic soy broth (Difeo) which contains 
0.25 % glucose. The concentration of cells·used in each 
case is given. The concentration of the carbohydrate sub-
strates was o.25% in all cases. This amount of carbohydrate 
was, in each instance that oxygen consumption was demonstrat,.. 1 
ed at all, adequate to produce an oxygen uptake directly pro-
portional to the length of incubation for the duration of the 
experiment. Each value is corrected for endogenous respir-
ation of the organisms. Substrates designated as not being 
oxidized were incubated with the cells for two hours with no 
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uptake detectable by the techniques used. 
Using the undefined substrates, tryptic soy broth (with 
o.25% glucose) and human serum, strain 18Z respired at a 
considerably faster rate than did 18Z-D. Strain 18Z also 
oxidized mannitol and sucrose at a slightly faster rate 
than strain 18Z-D. .§.. aurues strain 18Z-D, however, ox-
idized glucose, fructose, galactose and glycerol at a 
faster rate than did strain 18Z. 
Attempts were made to detemine the oxygen uptake of 
the amino acidsa alanine, glycine and glutamic acid, but 
the results were irregular. There was no definable differ~ 
ence between the two strains determined in these experiments. 
'" Estimation .Qi Pathways Amt Cellular Al'.£ Assay- The recul ts 
of the estimation of pathways of glucose catabolism and the 
assay for the cellular ATP content are given in Tables 17 and 
18. For resting cell suspensions, strain 18Z utilized the 
HMP 51.5% and 18Z-D utilized this pathway 33.4%. The 
TCA cycle activity was 0.93% for 18Z and 1.87% for 18Z-D. 
-10 The content of cellular ATP was 3.3 x 10 ug of ATP 
per cell for 18Z and 7.5 x 10-lO ug of ATP per cell !dr 18Z-D. 
~­
L_ 
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DISCUSSION 
The ability of Staphylococcus aureus to produce coag-
ulase has generally been taken as an in vitro reaction indi-
cating potential virulence for this organism. Results from 
studies by Kapral~ .al....(17,18,20), however, were inter-
preted by them to indicate that coagulase, either bound or 
•soluble, was not essential for virulence of S. aureus in 
rabbits infected intradermally, subcutaneously or intra-
venously; not for mice infected intrevenously. UV-induced 
mutants of the parent strain 18Z, which lacked eithsr sol-
.,. 
uble or bound coagulase were no less virulent than the par-
ent in the systems used by them. 
It was also shown by this group that a different UV-
induced mutant of strain 18Z, strain 18Z-D, which possessed 
both free ·and bound coagulase, grew in the organs of the 
reticuloendothelial system of mice and rabbits at a rate 
much less than the parent but closely approximating that of 
an avirulent s. epidermidis. These findipgs, as they stand, 
indicate a serious question regarding the role of coagulase 
in the pathogenicity of Staphylococcus aureus. 
It was shown in the present study_ that ~. aureus strain 
18Z-D grew to a much lesser extent than its parent strain 18Z 
r [ 
~ ?c'.• 
l"i 
~'· 
l 
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in the reticuloendothelial system of mice. We also found, 
as did Kapral, that strain lBZ-D was no more virulent in 
the systems studies than a a. epi4ermidis strain tested. 
We found that strain 18Z-D produced lesions on intrader-
mally inoculated rabbits which were at all doses very much 
less extensive than those produced bys. aurues strain 18Z, 
The above work ostensiqly suggests, even though in-
directly, that coagulase, per~. is not.a necessary vir-
ulence factor in the patho{:!;enicity of S, aureus. The pro-
blem of determining whether or not coagulase is directly in-
volved in staphylococcal virulence was not dealt with in the 
present study. The present study, instead, was concerned 
with determinin~ what explainations could be suggested to 
account for the lack of virulence of s. aureus strain 18Z-D 
as compared to its parent strain 18Z. 
One possible ex-plaination forthe difference in virulence' 
might be that the UV irradiation had induced a mutant that 
had lost a discrete virulence factor orher than coagulase. 
If it is true, as Kapral sugges,ts, that UV irradiation had 
altered, in his two other mutants, only the ability to pro-
duce either soluble or bpund coagulase, and nothing else in 
the organism's genetic makeup;;then it is possible in the case 
of strain lBZ-D that some heretofore unknown discrete virulence 
factor was eliminated by this treatment. 
A second explaination for the difference in virulence 
r-- -!J;,:,• 
~ -
~ .. 
ti 
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L 
-28-
might be pronosed on the basis of a more general alteration 
in the organism's physiological and metabolic makeup rather 
than a discrete alteration. 
The data collected in the present study seem to point 
to the latter hypothesis. 
By standard laboratory methods the s.. aureus strains 18Z 
and 18Z-D appear indistinguishable. They demonstrated sim-
iliar antibiograms and phage susceptibility. Both strains 
demonstrated similiar pigmentation, coagulase reactions, 
haemolysis and gelatin liquification reactions. 
The aerobic growth studies indicate that strain 18Z 
has a shorter generation time and lag phase than strain 18Z-D. 
S,. aureus strain 18Z also grows. to a greater density than 
strain 18Z-D in human and rabbit serum. 
The above two studies could possibly give some insight 
as to a definite cause for the virulence difference. If -
an organism is not able to multiply at a rate sufficient 
to establish itself in.its host before the host can ade-
quately mobilize its own defenses, the organism is not like-
ly to be as successful as another which can multiply at a 
faster rate, all other things being equal. ~. aureus strain 
18Z in tryptic soy broth has a lag time which is one half 
that of strain 18Z-D. Strain 18Z's generation time is almost 
seven minutes shorter than that of 18Z•D. Strain 18Z's ability 
to grow in both human and rabbit serum is also much greater 
L 
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than 18Z-D ' s • 
Further indicating a general- physiological difference 
between the two strains are the results of the salt toler-
ance tests and ability to grow at varying initial pH levels. 
The strains' respective abilities to exidize various 
substrates indicates in a more specific manner the general 
metabolic difference between them. The theory that the UV 
irradiation effected a general· metabolic change in the: 
mutant is further substiantiated by the fact that their path-
ways of glucose catabolism and cellular ATP content are 
grossly different. Montiel and Blumenthal (23) found that the 
range of values f'or the HMP pathway participation in glu-
number of strains grown. in niac.in and thiamine supplemented 
trypticase medium of between 35.0% and 60.0%; and from o.4% and 
2.0~, respectively. The values for the HMP pathway and the 
TCA cycle for strains 18Z and 18Z-D represent values close 
to opposite extremes in these ranges. The actual percentages 
• 
are not important here since the metabolic activities of 
staphylococci vary somewhat in different media. What is of 
importance is that the.ml,ltant and parent strain differ sig-
nificantly when compared in the growth medium under ident-
ical conditions. This and the finding that the ATP content 
of the cells of each strain is markedly different indicates 
that there are demonstrable metabolic differences in the basic 
r ' ' ' r::. 
~' ~~· 
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metabolism of the two strains. Because the difference is ex-
hibited by several different assays of metabolic activity, 
it seems that the metabolic difference is somewhat gener-
alized. Whether the differences can be ascribed to a single 
mutation induced by the ultraviolet irradiation, or to more 
than one mutation, can not be determined on the basis of the 
information herein presented. 
It appears that the more virulent strain 18Z exhibits 
a generally higher metabolic rate under most of the conditions 
tested for. This is shown by its higher growth rate and 
higher oxidative ability. Apart from the prpduction of any 
particular extracellular substance, it seems reasonable to 
conclude that the growth rate of an organi!=lm in R. hof-lt w:i 11' 
be an important factor to consi'der when one is attempting to 
determine the relation of virulence to coagulase production 
in ~ •. aureus. Apart from·~ the marked difference in the growth 
rate of each strain, the many other differences elaborated above 
could.conceivably influence the possible virulftnce of the strains. 
Because of the differences cited, a valid comparison can not 
be made to evaluate the role of other specific characteris-
tics, such as coagulase production, responsible for the sur-
vival and growth of one strain but not the other in in~ 
systems. 
Before such a specific delineation of the role of a 
particular suspected virulence factor can be made, one must 
-31-
either discover a mutant which has fewer specifically and 
non-specifically virulence related differences or precisely 
calculate the participation of each specific and non-specific 
factor in the total virulence of each system used. 
Though the other two mutants used by Kapral, one lacking 
bound coagulase and the other lacking soluble coagulase were not 
tested in the present study, the same ideas presented here 
in regard to strain 18Z-D may also have relevence to them. 
Before they are used for any comparison involving a single 
characteristic, their general physiological and metabolic 
characteristics should be delineated. 
Because of his examination of a coagulase positive UV-
induced mutant of a vl1·ulent strain of s. aureus, 18Z-D, Kapral 
.. 
has questioned the direct participation of coagulase in the 
pathogenicity of~. aureus. He has suggested that because 
both strains produce coagulase and the mutant is relatively 
avirulent as compared to its parent· that the role of coag-
ulase in staphylococcal infection is in doubt.· In his studies, 
he reported no difference between the strains other than the 
difference in virulence. 
The present study has elucidated some differences be-
tween the strains. These cpnsist of various physiological and 
metabolic characteristics which could conceivabley influence 
the virulence of the organisms studied. Because these 
differences were not illucidated and quantified in terms of 
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their effect on virulence, it is not presently possible to 
evaluate the role of the single factor, coagulase, in staphy-
lococcal infections using Kapral' s sy.stem. 
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SUMMARY 
Two coagulase positive strains of s. aureus were studied. 
prior studies had shown that although the two strains were seem-
ingly identical by routine physiological tests, one strain, 18Z, 
was relatively much more virulent than the other 18Z-D, which 
··was induced by UV irratiation of the first. The less virulent 
strain was found to be no more virulent than a s. epidermidis 
strain tested. The above work and interpretation indirectly 
poses a serious question regarding the role of coa~lase in 
staphylococcal infection. 
In an effort to determine the cause of the~mutant's loss 
of virulence, various physiological and metabolic parameters of 
each strain were investigated. 
In yitro growth tests indica'ted that the parent strain 18Z 
grew at a substantially faster rate than the mutant, 18Z-D. The 
general· metabolism of the two strains was found to differ greatly 
. as determined by oxidative metabolism studies, estimated pathways 
ot glucose catabolism studies, and cellular ATP content. 
Because these differences can not be quantified in terms 
of their overall effect on the virulence of the organisms studied, 
1t was not found presently possible to evaluate the role of the 
single factor, coagulase, in the experimental infections caused 
by these two organisms. 
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Table 1 •. Aerobic growth of s. aureus strains 18Z and 
18Z•D in tryptic soy broth a. 
Time Strain 18Z ' . Strain 18Z-D (hours) 
Klett Colony forming Klett Colony forming 
reading units reading units 
0 0 8.ox106 0 7.6x10° 
2 0 1.ox107 o· 9.ox10
6 
4 9 2.ox107 0 9.2x1~6 
5 38 6.1x107 0 1.2x107 
6 175 1.4x10 8 20 2.4x107 · 
8 390 6.7x10 8 60 ... 5.1xlo7 · 
9 440 8.1x10 8 160 3.ox108 
10 i i:t-70 9.0xlO 8 2JO 6.1x108 
12 530 2.ox109 JBO 9.3x108 
24 575 5.2x109 445 1.ax109 
~ 
a.- The system contained 1 ml inoculum containing 1.ox107/ml 
colony forming units and 50 ml of medium. Incubation was at 
37 C on a rotary shaker. 
/ ,,. 
·-
~·. 
' 
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Table 2. Growth of s. aureus strains 18Z and 18Z-D in 
human and rabbit serum a. 
Strain 18Z Strain 18Z-D 
human serum rabbi t serum human serum rabbit serum 
an- an- an-. an• 
robic aerobic aerobic aerobic aerobic aerobic aerobic aerobic 
341.0 11.8 ' 88.o 66.o 56.o 8.7 38.0 
. 
. 
a. The system consiste d of 0.1 ml inocula containing 4.ox107/ml 
colony forming units an d 5.0 ml of serum. Incubation was static 
at 37 C for 24 hr. 
' 
~ ... 
• 
~Table 3 Growth of s. aµreus strain 18Z and strain 18Z-D in 
a tryptic soy broth with varying concentrations of NaCl • 
. 
Concentration Strain 18Z Strain 18Z-D of NaCl (%) 
aerobic anaerobic aerobic :::m~erobi f! 
24hr 48hr 24hr 48hr 24hr 48hr 24hr 48hr 
7.5 31 
--
0 6 6 -- 0 14 •. 
8.5 15 -- 0 9 2 -- 0 15 
10.0 0 98 0 0 0 0 0 0 
a. The system consisted of 0.1 ml of inoculum containing 
1.ox107/ml colony forming units and 50.0 ml of media. 
Incubation was at 37 C 
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Table 4. Growth of ~. aureu~ strain 18Z and strain 18Z-D 
in tryptic soy broth at varying initial pH a. 
pH Klett reading 
strain 18Z strain 18Z-D 
9.0 4.o 5.0 
s.o 305.0 242.0 
7.0 320.0 234.o 
6.o 5.0 2os.o 
5.0 4.o 10.0 
4.5 2.5 3.0 
a. The system consisted of 1 ml inoculum containing 1.ox107 
colony forming units and 50 ml of medium. Incubation was 
aerobic for 24 hr at 37 c. 
<r-· J 1 
t 
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Table 5. Growth of s. epidermidis Kulba Strain in the 
organs of the RES of mice a. 
,, 
Time Colon f ormin units/ ml homogenate 
(hours) kidne '..> liver s leen s 
24 8.2xlo2 1.0xlO a.ox103 
48 3.2x102 J.4xlo3 7.2x102 
72 2.0xlO 2.1x102 2 .• ox10 2 
a. The inoculum was 1.ox108colony forming units in 0.25 ml 
saline.For each day the viable counts of two sets of organ$ 
were averaged for each strain. 
• 
r 
t. 
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Table 6. Growth of ~. ~ureu9 strains 18Z and 18Z-D in the 
organs of the RES of mice a. 
-
Time I Colony forming units /ml homoe:enate 
(hr) Jlidnevs liver spleen. 
18Z 18Z-D 18Z 18Z-D 18Z 18Z-D 
-
24 4.9xlo5 4.5x104 4.ox105 3.ox105 
.. 4 2.0xlO 5.ox104 
48 5.5xlo5 1.ox102 3.8x104 7. ox103· 6.ox103 4.2x103 
72 9.8x105 sterile 2.3x103 3.9x103 3.6x10'.3 s • .5x102 
,,. 
.. a. The inoculum was 1.ox108 colony forming units in o.24 ml 
saline. For each day the viable counts of three sets of 
organs were averaged for each strain. 
• 
I 
' 
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Table 7. Growth of s_. aureus strains 18Z and 18Z-D in the 
organs of the RES of mice a. 
Time Colony forming units/ml homogenate 
(hrs) kidneys liver spleen 
18Z 18Z-D 18Z 18Z-D 18Z 18Z-D 
14 3.3xlo3 1.5x103 2,.5x106 1.9x106 9.8xl0 4 7.4xio4 
24 8.2x103 4.3x1o2 5.5x105 5.ox106 1.7x104 4 5.9xl0 I 
a. The inoctilum was 5xlo7 colony forming units in 0.25 ml 
saline. For each time interval the viable counts of two sets 
of organs were averaged for each strain. 
i 
I 
r 
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Table 8. Growth of §,.aureus strains 18Z and 18Z-D in the 
organs of the RES of mice a. 
Time Colony-forming units/ml homogenate 
(hrs) kidneys liver spleen 
18Z 18Z-D 18Z 18Z-D 18Z 18Z.-D 
24 5.Bx103 1.5x103 8.0xlo5 ?.5x105 1.ox105 9.0xlo4 
1.4xio6 1.5x102 9,ox104 4.5xlO 4 J.Oxlo4 3.2x102 48 
72 7.6xlo5 1.lxlO 2.Jxto 3 1. 7xlo4 - 2.9x103 4. lxio 
a. The inoculum was 5xlo7 colony forming units in 0.25 ml 
saline. For each day the viab~e counts of six sets of organs 
were averaged for each f;ltrain_. 
• 
'\ 
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Table 9. Growth of s. aureus strains 18Z and 18Z-D in the 
organs of the RES of mice a. 
Time Colony forming units per ml homogenate (hr) kidneys liver spleen 
18Z 18Z-D 18Z 18Z-D 18Z 18Z-D 
, 
- . 
~ --
;' 3 1.2x103 8.ox105 7.5xio5 
. 4 
9.ox104 24 5.JxlO 5.0xlO 
48 · 1.4x106 1.5x103 9.5x10 4 4.1~104 ?.5xlo5 J.OxlO 2 
72 7.6x105 1.2xl0 4.6xl03 · 1~7xlo3 7.6x105 4.ox:103 
-. 
a. The inoculum was 2.ox107 colony forming units in 0.25 ml 
saline. For each day the viable counts of six sets of organs 
were averaged for each strain. 
'"""-.--
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'fable 10. Growth of ~. aureus- strains 18Z and 18Z-D in the organs 
of the RES of mice a • 
. 
'rime Colonv .forming units per ml homogenate 
(hr) kidne1s liver spleen 
18Z 18Z-D 18Z lOu-D •lot. iai.-u 
24 J.9xlo3 J.Oxlo2 5.oxio4 6.0xlO 4 2 • .5x10 4 6.lx103 
48 J.Oxlo6 l.OxlO 9 • .5x103 1.Jx103 7.0xlO 3 6.7x102 
72 7.5xlo6 sterile 4.2x103 1.8x103 1.Jxlo3 6.Jxlo2 
-
a. The inoculum was 1.ox107 colony forming units in o.25 ml 
saline. ~or each day the viable counts of six sets of organs 
were averaged for each strain •. 
r 
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Table 11. Lesion production in rabbits intradermally infected 
with~. aureus strains 18Z and 18Z-D grown on brain heart 
. f a 1n ui?1on a.g;ar ,. 
. -
Age .of Pathology Area of lesion (in2 ) with varvine: inocula (ml) 
lesion strain 18Z strain 18Z-D 
l 
o.2s o.so 1.0 0.25 o.so 1.0 
... ' 
pus 0 0 0 0 ·o 0 
2 day necrosis 
erythema 0.17 0.21 1.81 o.i1 0.15 0.17 
!PUS 0 0.12 0.35 0 0 0.03 necrosis 
5 day erythema 0.29 0.90 1.97 0.08 0.15 0 .15 
. 
a. The inoculum was 6x10 7 colony forming uni ts/ml. ,, 
r 
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Table 12. Lesion production in rabbits intradermally infected 
a with~. aureus strains 18Z and 18 Z-D grown in rabbit serum • 
__.. 
Area of lesion (in2) with inocula (ml) Age of Pathology varying 
i~sion ' strain 18Z strain 18Z-D 
~ 
. 0.25 0.50 1.0 0.25 0.50 1.0 ~ 
l pus 0 0 0 0 0 0 
2 days necrosis 
erythema 0.37 0.80 2.27 0.15 0.18 0.18 
pus 0.11 0.26 0.51 0 :0 0 
5 days necrosis 
erythema o.49 1.64 2.43 0.15 0.19 0.21 
' 
a. The incculum was 6x1o7 colony f'orming·units/ml. 
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Table 13. Lesion production in rabbits intradermally infected 
withs_. aureus strains 18Z and 18Z~D grown in tryptic soy 
broth a. 
Age of Pathology Area of lesion . ( in2 ) . with varying inocula (ml) 
lesion strain 18Z strain 18Z-D 
0.25 0.50 0.25 -0 .50 
pus 0 0 0 0 
2 days necrosis 
erythema 0.5-0.71 0.6-1.05 0.01-0.3 0.11-0.27 
pus 0 0 0 0 
5 days necrosis 
1 erythema 0.62-0.89 1.21-1.88 0.09-0.13 0.29-0.41 
" 
a. 'l'he inoculum was 6x10 
7 
colony forming uni ts/ml. The above 
are the results of two experiments. 
r 
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Table 14. Production of extracellular enzymes by s. aureus strains 
18Z and 18Z-D a• 
Extracellular enzyme 
Haemolytic activity on 
rabbit blood agar 
Phosphatase 
DNAse 
,Lipase 
Gelatinase 
Fibrinolysin 
Catalase 
Strain 18Z 
+ 
+ 
+ 
+ 
+ 
+ .. 
+ 
+ 
+ 
Strain 18Z-D 
+ 
+ 
+ 
+ 
+ 
++ 
+++ 
+ 
+ 
a •. Substances were incorporated into agar and inocula stabbed. 
Readings were made after 24 hr atl37 c. 
When reactions appeared alike the results are qualitative with the 
reaction being designated by(+). When reactions were different 
the results are semi-quantative with the least reactive being 
designated (+) and the most by multiples of (+) according to its 
relation to the least reactive. 
' 
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Table 15. Antibiotic sensitivity of s. ayreus.strains 18Z 
and 18Z-D. ~-
-
' 
Strain Strain 
Antibiotic Amount per dose 18Z ·1az-o 
Ampicillin 2 ug + + 
Chlorotetracycline 5 ug + + 
Chloramphenicol 5 ug + + 
Erythromyc in 2 ug + + 
Methicillin 5 ug + + 
Neomycin 5 ug + + 
-Novobiocin. I I 5 ug •} + 
Oleandomycin 2 ug + + 
Oxacillin 1 ug + + 
Penicillin . 2 units ,. + + 
Sulfadiazine 0.25 ug + + 
Tetracycline 5 ug + + , 
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Table 16. Oxidation of various substrates by 1. aureus strains 
18Z and 18Z-D a. 
Substrate ·Concentration 
of cells 
. 'Klett uni ts) 
-
Tryptic soy 
broth 
Human serum 
Glucose 
Fructose 
Mannitol 
Sorbitol 
I X••1 o~e 
Lactose 
Sucrose 
.A'rabinose 
Ribose 
Maltose 
Galactose 
Glycerol 
i 
100 
100 
450 
450 
250 
450 
It 50 
450 
450 
450 
450 
450 
450 
.' 
200 
No. of;-1 
trials ' 
7 
8 
7 
4 
3 
2 
2 
2 
2 
2 
2 
2 
2 
4 
1 
i· 
I 
18Z 
619± 152 
280± 59 
180= 9 
142± 9 
28± 2 
23.6±1 
24 4+ 4 
. -
0 
76.2± 5 
0 
0 
0 
15.6± 1 
24.2± 2 
Qo 2 
-
I 
1sz..:rr 1 
366:t 83 
214± 35 
206* 7 
184± 11 
22± 1 
18.4± 4 
27 o:t 3 • 
0 
72.5:t 4 
0 
0 
0 
.' 19.0± 1 
55.p:t 5 
a. Each value was corrected for endogenous respiration. Typical 
Q0 values of endogenous trial ranged from 10 to 20. 2 
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Table 17. Estimation of the pathways of glucose catabolisma. 
' Strain 
"' 18Z 18Z-D 
' 
Exp#! Exp#2 Exp#l Exp#2 
'Total countr from 
1-1 C or 6- 4c glucose 
used (cpm) 54,100 53,800 54,200 51700 
coyUJs from 14co2 with 
1- glucose (cpm) 27,764 28,625 20.293 18,2)6 
CounJs from14co2 with 6-1 glucose (cpm) 518 476 1,098 937 
Estimated glucose 
catabolism via HMP (%) 52.6 50.4 35.5 31.9 
Estimated activity E>f 
the TCA cycle .. 0.97 o.88 1.84 1.95 ... 
l.'' 
a. The data for each experiment above is the average of two 
values obtained by running each trial in duplicate. 
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Table 18. Cellular ATP content of resting cell suspensions of 
~. aureus strains 18Z and 18Z-D a. 
Strain ug ATP/cell 
18Z 3.3 x 10_-10 
18Z-D 7.5 x 10-10 
a. The above are the average values of five experiments with 
separate cultures. Each experiment consisted of data averaged 
from 10 trials. 
'·' 
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